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MEDICAL MATERIAL MADE OF TITANIUM FIBER 



FIELD OF THE INVENTION 

[0001] The present invention relates to a biological hard tissue inductive 
scaffold material composed of titanium or titanium group aUoy fiber which 
is used together with an implant such as an artificial root of the tooth or an 
artificial joint implant, a method for preparation thereof and a cell cvdture 
proliferation reactor in regenerative medicine engineering. 

DESCRIPTION OF THE PRIOR ART 

[0002] In general, in the field of oral surgery or orthopaedic surgery, as a 
material for implant to be implanted in an organism, a product made of 
metaUic material such as an artificial root of the tooth or an artificial joint 
are conventionally used. Recently, among these metaUic materials, the uses 
of titanium and titanium aUoy are remarkably becoming firequent. The 
reason is that, in comparison with other metals, titanium has an excellent 
properties including rare antigenic function in an organism, relatively 
small specific gravity and strong mechanical strength. Further, at the MRI 
examination of a patient to whom a metallic material is implanted, if the 
metallic material has magnetic property, various problems cause. On the 
contrary, titanium which does not have magnetic property, is superior at 
this subsidiary effect, and this is one of the reason why titanium is 
admirably used. 

[0003] In particular, the uses of a medical material composed of titanium or 
titanium gi'oup alloy are broadly increasing in the field of orthopaedic 
surgery or dentistry. Accordingly, metallic material which does not have 
antigenic function acts good function in an organism, and contributes to the 
improvement of QOL of a postoperative patient. 

[0004] However, the medical material composed of titanium or titanium 
group alloy is not sufficiently satisfied. For example, even if there is no 
antigenic function, at a contact surface of a titanium metaUic material with 
an organism, in some occasions, sheath tissue is formed by gathering 
fibroblasts of connective tissues with collagenous fiber on the surface of 
material even if it is implanted in a bone tissue. Therefore, when a 
titanium metal material can not contact directly with a bone tissue, there 
is a problem that it is difficult for the bone tissue and the metallic material 
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to become an one body. 

[0005] To dissolve this problem, recently, improvement by coating hydroxy 
apatite on the surface of titanium is carried out, while improvement to 
have compUcated structure on the surface by forming a structure 
considering an inductivity and stickiness of bone tissue, that is, forming 
convex and concave structure on the surface of the material or to stick 
many fine beads on the surface are carried out. However, by these means, 
the biological and mechanical bonding of the metal material with bone 
tissue is not sufficient. Even if the metal material and bone tissue can be 
observed to be bonded, when a breaking starts from a marginal part, the 
breaking can not be restored and extends to whole part, causes loosening 
and falls down in early stage. These instances are becoming clear by 
repeating many cases. Therefore, in cases of aged patients, very dangerous 
phenomena that the dissociation between the material and bone tissue 
progresses gradually are frequently observed. Further, since it is necessary 
to progress 3 to 6 months to complete the bonding of the metallic material 
with bone tissue, a problem that the next step treatment can not be started 
is actually pointed out. 

[0006] For dissolution of above problem, recently, together use of BMP 
(Bone Morphogenetic Protein) which accelerate the induction of osteoblasts 
or BMP relating to the induction of other cells with medical materials e.g. 
implant made of titanium is carried out. Together use with these 
physiological functional activators is effective, and migration of osteoblasts 
can be observed closely to the titanium metallic material, however, the 
formation of cells of tissue status called as osteointegration characterizing 
that material and bone are becoming one body can not easily be observed. 
[0007] In the meanwhile, as the aforementioned improved technique for 
trial to make the surface of material complicated shape, the following 
method is proposed. That is, the technique to wind up at random and 
accumulate fine fibers made of titanium or titanium alloy surround the 
core part of implant to be implanted into vivo bone, to form a compressed 
body of desired shape and dimension by compressing to the core direction 
and to prepare a dentistry implant made of titanium having buffering 
function by combining the body with the core are proposed (Japanese 
Application Pubhcation H8- 140996). As the specific example of fine fibers, 
fine fibers having 0.1mm to 0.7mm diameter, desirably fine fibers having 
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0.3mm to 0.5mm diameter are indicated. The meaning of 'T^ody" formed by 
the titanium fibers is to perform a buffering fiinction by accepting outer 
strength, namely occusal strength, elasticaUy to the all direction, further to 
accept the migration and proliferation of vivo bone tissue from many pore 
gaps so as to improve the stickiness to the bone of the implanted part and 
to assume better stability of the implanted part. 

[0008] Furthermore, a process to produce "pore structure" by pouring a 
mixture of metal and an foaming agent in a mold, heating to the 
temperature higher than melting point under pressing condition auid by 
releasing the pressure air at adequate period (USP2, 553,0 16), and as 
developing embodiment of this process, a process to generate the mercury 
vapor or to generate a specific gas by decomposition of hydroxide or carbide 
of titanium or zircon (USP2,434,775 and USP2, 553,016) are proposed. And 
an orthopaedic implant which attempts to combine bone tissue and an 
implant by obtaining thin layer of metal "pore structure" by specific 
foaming methods characterizing to generate pores at the melting state of 
metal which are mentioned above, adhering said thin layer to the surface of 
the implant and inducing bone tissue into pore cells after implanted into 
organism is proposed (Japanese Application Publication H 11-341). As an 
example of metal used in above processes, various metals such as pure 
titanium, titanium alloy, stainless steel, cobalt-chrome alloy or aluminium 
are disclosed. And, also disclosed that the size of opening formed by pore is 
in the limitation of 0.5mm to 1.5mm, further that the "pore structure" is to 
be formed by thin layer of 1.5mm to 3mm thickness. 

[0009] The former proposal is basically to prepare one titanium filament of 
0.1mm to 0.7mm diameter, to wind it up ai'ound the implant core, and to 
compress so as to form porous gaps which permit migi'ation and 
proliferation of neogenesis bone tissue between accumulated filaments. 
However, it is obvious that there is a limit for the formation of the porous 
gaps. That is, this method is to wind up the fiber material and to compress 
the fiber material in the core direction so as to equip the fiber materisd to 
the core, and the possibility to adjust poi'ous gaps is small. If the fiber 
material is wound not so tightly aiming to secure certain gaps, the problem 
that the equipping of the fiber material to the core becomes difficult occurs. 
Namely, since there is a limitation to attempt migration and proliferation 
of bone tissue by above mentioned method, sufficient osteointegration 
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tissue is not formed. 

[00 10] Further, regarding the latter proposal, since the "pore structure" is 
controlled by "amount of gas and shape" to be supplied to melted metal, it 
can not be said that the controlling of the size of ceU, distribution of pores 
and thickness of wall which have influence directly to migration, adhesion 
and proliferation of osteoblasts is not so easy. The size of opening formed by 
pore disclosed in the proposal is in the limitation of 0.5mm to 1.5mm, and 
the thickness of wall of cell can be presumed from the scale of attached 
drawing as same as to the size of opening formed by pore or more. This 
thickness of wall of cell is not so remarkably different from that of the fine 
beads method based on the diameter of fine beads which is a prerequisite 
art of this proposal, therefore, it is difficult to expect good affinity with 
bone cells so as to bring formation of one body with tissue. 
[00 ll] As mentioned above, in the previous methods that use titanium or 
titanium group alloy, which are recognized to have good affinity with 
organism tissue, there are several problems in aforementioned points, in 
particular, the formation of sufficient tissue in which bone tissue and 
titanium material become one body, namely so called osteointegration is 
not accomplished. After operation, loosening of bond between bone and 
titanium occurs from a marginal part, and in many cases the loosening is 
led to falling down of a tooth in early stage. A patient is feeling discomfort 
during the process before the falling becomes inevitable. That is, many 
problems are pointed out. In the cases of conventional artfficial root of the 
tooth or artfficial joint which are actually used in medical field, the bond of 
bone with metal is plane as shown in Fig. 1 (A) and it needs from 3 months 
to 6 months to accompHsh enough bonding strength, therefore it is 
necessary to keep rest duiing this period and is impossible to progress to 
the next step. This point will be illustrated in the drawing mentioned later. 
The reason responding to said problem can be explained as follows, that is, 
the field in which cells act to accomplish the bond with metal is only two 
dimetional plane formed between planes of each subject to be bonded and 
can be said as a simple and minimized plane. 

[0012] As mentioned above, the conventional methods of using such as 
titanium metal material are aiming to bond bone tissue with an implant 
made of metal by two dimensional plane, and said conventional arts called 
it as osteointegration. However, from the biological viewpoint, there is a 
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problem of preservation for long term. The object of the present invention is 
to provide a biological hard tissue inductive scaffold material which can 
induce the tissue layer of hybrid state by three dimensionally cooperating 
an implant material with bone tissue of organism side by using an implant 
to be replaced to various hard tissues which do not have above problems. 
[0013] Further the object of the present invention is to provide a method to 
accomplish the bonding of a metal material with bone within one month, in 
contrast to the conventional method which takes 3 to 6 months to 
accomplish the bonding of a metal material with bone. This is proved in 
Example 3 mentioned later. 

[0014] Furthermore, in the regenerative medicine engineering of today, it is 
actually required to carry out the trial to prompt the rapid proliferation of 
active cells including bone cells by introducing osteoblasts or stem cells 
with a physiological active material to the replacing material for hard 
tissues. That is, a material which can be used as a bioreactor for cell 
cultivation, which is characterized that the physiological active material or 
stem cells can be surely kept for a certain period, timed-releasabihty can be 
displayed and having good aflSinity to cells is required. Said bioreactor with 
the cells can be implanted in tissue of a human body as a whole, the 
proliferated cells are separated and can be suppUed to a researching facility 
where the proliferated tissue is needed or to a medical facility immediately. 
To said requirement, the conventional material is not the material which 
can satisfy the requirement sufficiently. 

SUMMARY OF THE INVENTION 

[0015] The present invention is to develop and to provide a material which 
can respond to the above mentioned requirement, that is, can be used as 
the scaffold material effective to a biological hard tissue, further, can be 
used as a bioreactor effective to cells besides the hard tissue. 
[0016] The inventors of the present invention have carried out intensive 
study as illustrated below, and have made it clear that osteoblasts can be 
easily migrated to fine fibrous material of titanium metal and proliferates, 
that is, has good affinity with it, and there is high correlation between 
diameter of fiber to be used and proliferation action of cells, and have 
obtained a series of important knowledge based on the knowledge, and 
have developed and proposed the material which can respond to said 
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requirement. 

[0017] That is, the inventors of the present invention have investigated 
intently about the cultivation condition which osteoblast Kke, and have 
made it clear that osteoblast grows in geometric space composed by very 
fine fibers. By continuing fiirther basic investigation, the inventors of the 
present invention have obtain the following knowledge, that is, osteoblast 
indicates very high affinity to titanium fiber, and specifically, in the 
geometric space composed by a mass of titanium fiber having smaller 
diameter than 100 //m and extend of it is from 100 to 400 //m indicates 
higher affinity and have a specific property to stick more actively than that 
of titanium fiber having larger diameter than 100 //m. 

[0018] A part of medical results of these series of knowledge were already 
reported in "Densitry in Japan" vol.37, page 42-50, 2001, "J. Bone and joint 
surgery" 93A, Sl-105 to 115, 2001, "J. Biochemistry", Vol. 121, page 317 to 
324,1997 (not all results as disclosed in the present invention, and the 
method for dissolving of the problem is not reported). 

[0019] The inventors of the present invention have expanded the property 
of fiber actively obtained from above mentioned knowledge and from the 
view point that the one body tissue of hybrid state composed of bone tissue, 
metal fiber and an implant can be induced by arranging the fibers 
surrounding the metal implant, have repeated various experiments and 
have made it clear that the aimed result can be obtained. 
[0020] As aforementioned, in the cases of an artificial root of the tooth or an 
artificial joint, since the bonding of bone with metal is plane, it takes from 
3 to 6 months to accompUsh a bonding tissue with suffi^cient strength and it 
is necessary to keep rest during this period and is impossible to progiess to 
the next step. However, by the present invention, the three dimensional 
complicated space formed by titanium fibers is provided, namely in the case 
of a layer of 2mm thickness, the surface area is more than 20 times larger 
than that of plane, consequently the space where cells can act is provided, 
and it become clear that osteointegi'ation of bone tissue can be 
accomplished in short period together with the acceleration effect of action 
of cells. 

[0021] Further, by the continuation of investigation, it becomes clear that 
the induction and proliferation of cells can be possible on other cells besides 
osteoblasts. That is, when the titanium fiber having smaller diameter than 
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100 /zm, it is understood that various kind of cells are induced into fiber 
layer and stick actively and gi-ow. That is, the inventors of the present 
invention have succeeded to provide a medical material composed of metal 
implant material having high affinity to whole tissue of organism by use of 
the fine titanium fiber. 

[0022] Even if the hybrid with an implant is formed by inducing cells into 
fiber layer utilizing high affinity of cells to titanium fiber layer composed of 
titanium fiber having said specific diameter, the morphological stability is 
required when it is used by implanting into human body. The inventors of 
the present invention have investigated this point and have accomplished 
the following process. That is, the titanium fibers are accumulated at 
random and form a layer, then is sintered by alone or by winding up to an 
implant in vacuum condition. The cross points of fibers each other and 
contacting points of the fibers with the implant are fiised at the spots and 
forms a rigid structure. The outer strength loaded to the layer is dispersed 
to many fused points, and forms the subject of rigid structure with good 
morphological stability having siifficient strength. Further, after fused, it is 
found that the affinity of bone ceUs to the tissue of organism is not affected 
by fusing process at all. 

[0023] As the method to stick or fix metal fibers, soldering method or silver 
soldering method can be mentioned, however, in these methods paste is 
generally used. And, since the paste has a possibihty to contain harmful 
component to cells, this method can not be said as an adequate method. 
Aforementioned sintering method in vacuum condition is selected from 
various fusing and sticking methods considering this point and the 
effectivity of it is found out. The sintering in vacuum condition does not use 
harmful subject to cells and does not generate harmful subject to cells. But, 
if there is another method which is effective to stick fiber each other, that is, 
there is a fusing method which does not affect the growth of cells, tissue or 
human body, there is no problem to adopt the method and is contained in 
the scope of the present invention. 

[0024] The inventors of the present invention have carried out more 
intensive study and found out that bone cells can be more effectively 
induced by accelerating the implantation of osteoblasts by depositing 
crystal of hydroxyl apatite or hydroxyl apatite containing apatite carbonate 
on the surface of fiber of titanium metal layer, or by previously sticking 
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physiological functional activator such as various cytokine e.g. BMP (Bone 
Morphogenetic Protein) or cell growth factor component which accelerate 
the growth of osteoblasts. Such function and effect are not provided simply 
by the function of the treated component, but is provided by together use 
with fine titanium fibers. Further, it becomes clear that function and effect 
with remarkable preserving abihty and times-releasing ability is provided 
and generated. 

[0025] When said function and effect are compared with that of a plane 
subject, there is remarkable difference. This difference is considered to be 
caused by remarkable difference of surface area compared with that of 
plane subject. That is, even if the loading amount is same, the loading state 
does not biase and loaded homogeneously to the broad area, further, the 
loading area is improved and consequently the total loading amount is 
improved. Further, the function of the physiological active material acts 
more broadly, because very fine fibers of less than 100 //m diameter is used 
instead of a plane subject with small surface area, and accordingly induces 
osteoblasts effectively and can form strong one body tissue of organism. 
[0026] As the method for loading of this case, above mentioned BMP 
component, cytokine, various cell growth factor component or factor having 
an activity of organism can be stuck directly to the metal fiber. However, it 
is effective to contain a subject which can be absorbed in organism such as 
polyglycoUc acid, polylactic acid, copolymer of polylactic acid ■ polyglycoUc 
acid, biodegradable (3-hydroxylbutyl-4-hydroxylbutylate) polyester polymer, 
polydioxane, polyethyleneglycol, collagen, gelatin, albumin, fibrin, chitosan, 
chitin, fibroin, cellulose, mucopolysaccharide, vitronectin, fibronectin, 
laminin, alginic acid, hyaluronic acid, heparin, heparan sulfate, chondroitin 
sulfate, polyamino acid, dextran, agarose, pectin, mannan and derivatives 
thereof between fibers of titanium or titanium compound, then to adsorb 
above mentioned factors to the absorption subjects in organism. 
[0027] The inventors of the present invention have clai-ified that if it is 
possible to control the behavior of cells, namely, the behavior that the cells 
can easily adhere to fine fibers, by controlling said bioactive materials, the 
time and the position to induce and to activate cells can be voluntarily 
controlled and can be used as one of effective embodiments. Of cause, said 
behavior of cells can be concluded as the essential property which cells 
have themselves not by use of said bioactive materials. 
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[0028] By using the embodiment that fibers are entangled at random, cells 
migrate positively into gaps between fibers arranged at random, and a 
strong three dimensional hybrid structure characterizing that cells and 
metallic fibers are complicatedly entangled is formed. And in the case, 
when the structure is needed to be reinforced to a specific direction, it is 
possible to use a woven cloth and it is not to Hmit the scope of the present 
invention. 

[0029] The case to apply above mentioned metallic fiber layer to a human 
body or other animal body, for example, if an implant metal material is 
implanted in bone tissue, cells to generate a blood vessel and a bone into 
three dimensional gap composed of metallic fiber layer equipped to the 
implant, generate a hybrid structure and metal material and bone tissue 
becomes one body, as illustrated above. Accordingly, anchor effect of an 
implant metal material becomes stronger and the metal material becomes 
to be fixed strongly in the bone tissue. It becomes clear that for the rapid 
formation of said anchor effect by invading and fixing of cells and blood 
vessel, the use having titanium fibers of specific diameter and of specific 
aspect ratio is necessary and is the imexpected action and effect. 
[0030] This knowledge is the result obtained by many actual experiments 
(several hundred cases), and the investments considering the relationship 
between diameter of fine fiber of specific metal (titanium or titanium group 
alloy) and cells is carried out by the inventors of the present invention as 
the first time and is very creative and novel. And by using the fine fibers, 
remarkably excellent action and effect are provided, consequently, the 
present invention contributes largely to the growth of medicine and the 
welfare of the human beings. The metal material as an implant to which 
the scaffold material of the present invention is equipped is used in these 
experiments, is referring to a medical implant made of titanium metal used 
in medical field because of necessarily to refer the affinity with bone, 
however, of cause, it can be used for a medical implant made of other metal 
or non-metallic material. 

[0031] Further, the inventors of the present invention have clarified from 
various experiments that, to the titanium fiber of less than 100 // m 
diameter, various kinds of cells besides osteoblasts actively acts 
physiologically same as to osteoblast and possesses a property to adheres 
positively. Of cause, in which a stem cell which is called as an universal cell 
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is contained. That is, from this fact, the inventors of the present invention 
have clarified that the titanium metal fiber layer of less than 100 /zm 
diameter has a function for a cell cultivate and proliferation material in 
regenerative medical engineering, and can be used as a cell culture 
proliferation reactor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Fig.l is a schematic view and the partial enlarged view of a 
conventional implant (A) and an implant of the present invention composed 
of a titanium rod and non-woven cloth of titanium fibers, which was fused 
to the surface of the rod by vacuum sintering (B). 

[0033] Fig.2 is a comparative microscopic picture of the BMP induced 
heterotopic bone formation in rat subcutaneously using two materials as 
the carrier of BMP as the result of active bone formation when a metal rod 
alone was implanted. 

[0034] Fig. 3 is the drawing showing the different in amount of bone 
formation when the two materials were implanted into rat 
subcutaneously. "TWTR" indicates that the amount of bone formation when 
a scaffold of the present invention which composed of metal root and a 
non-woven cloth of titanium fibers, which was fused on the surface of the 
rod, was implanted with BMP. "TR" indicates amount of bone formation 
when a metal rod alone was implanted with BMP. Bone amounts are 
examined 4 weeks after implantation and expressed by calcium contents. 
[0035] Fig.4 is a comparative microscopic picture of the BMP induced bone 
formation in rat skin when the two materials as follow were used as BMP 
carriers. s titanium rod simply attached with. a non-woven cloth of 
titanium fibers with apatite coating. B- the same material as A, but 
without apatite coating. The former shows very active bone formation (bone 
is clearly distinguished by red color or as thicker and fused contour by gray 
or black color), but the latter poor. Both materials were examined 4 weeks 
after implantation. 

[0036] Fig.5 is comparative microscopic picture of the amount of bone 
formation when the two materials as follow were implanted into the bone 
defect in the cranium of rabbits. A^ a scaffold of the present invention, 
which composed of titanium rod and a non-woven cloth of titanium fibers, 
which was fused by vacuum sintering on the rod and then hydroxyapatite 
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coated. the same material as A, but without apatite coating on the 
surface. The former shows active bone formation within the non-woven 
doth, but the latter very poor. Both materials were examined 4 weeks after 
implantation. 

[0037] Fig.6 is a microscopic observation showing state of bone foimation 
when a specimen of a titanium implant, which equipped with titanium 
beads, was implanted into the defect of rabbit cranium (A), and a state of 
bone tissue formed by self-healing of the defect (B). Both microscopic 
pictures were observed after 4 weeks after operation. 

[0038] Fig. 7 is a drawing of the results by SEM observation of the surface 
of titanium fibers sintered with the titanium rod and with apatite coating 
(A), and the same materials as A, but without sintering on with titanium 
rod (B). There was no detectable difference between them. 
[0039] Fig.8 is a drawing of the results by SEM observation of the surface 
of titanium fibers before (A) and after (B) sintering in vacuum. There was 
no detectable difference between them. 

[0040] Fig.9 is a drawing showing comparative experimental results of 
osteoblasts proliferation (A) and cytodifferentiation (B) by a bioreactor of 
present invention (right column), conventional porous apatite (middle 
column) and on a conventional plastic dishes Ceft column). Cell numbers 
were expressed by DNA contents. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0041] Considering abovementioned series of knowledge, the inventors of 
the present invention have dissolved the problems mentioned above by 
carrying out subjects recited in (l) — (13). 

[0042] (l) A biological hard tissue inductive scaffold material to be used 
with various implants comprising, titanium or titanium gi*oup alloy fiber, 
wherein said biological hard tissue inductive scaffold material is materially 
designed to excel in biological hard tissue inductivity and fixing ability, 
said titanium or titanium gioup alloy fiber is selecting a fiber whose 
average diameter is 100 //m or less and aspect ratio is 20 or more, (short 
axis-long axis ratio=l-20 or more), and said fibers are accumulated to form 
a layer so as to form an implantation space for biological hard tissue from 
the surface to inside. 

[0043] (2) The biological hard tissue inductive scaffold material of (l), 
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wherein a layer shaped scaffold material comprising said fibers or various 
implants to be used with said scaffold material are sintered in vacuum so 
as crossing points or contacting points of the fibers each other or the fibers 
and the implant to be fused and fixed. 

[00441 (3) The biological hard tissue inductive scaffold material of (l) or (2), 
wherein the surface of said fibers is treated with apatite forming liquid and 
coated with calcium phosphate compound containing hydroxy apatite or 
carbonate apatite. 

[0045] (4) The biological hard tissue inductive scaffold material in 
accordance with anyone of (l) to (3), wherein the surface of said fibers is 
treated with treating liquid containing a physiological active material or a 
physiological activation promoter which activates cells. 

[0046] (5) The biological hard tissue inductive scaffold material of (4), 
wherein the physiological active material or a physiological activation 
promoter which activates cells is at least one selected firom the group 
consisting of cell growth factor, cytokine, antibiotic, cell growth controlling 
factor, enzyme, protein, polysaccharides, phospholipids, lipoprotein or 
mucopolysaccharides. 

[0047] (6) The biological hard tissue inductive scaffold material in 
accordance with anyone of (l) to (5), wherein the implant is an artificial 
root of the tooth having an embedding part and the layer which is winded 
and compressed around the embedding part to integrally fixed to the 

embedding part. 

[0048] (7) The biological hard tissue inductive scaffold material in 
accordance with anyone of (l) to (5), wherein the implant is an artificial 
joint having an embedding part and the layer which is winded and 
compressed around the embedding part to integrally fixed to the 
embedding part. 

[0049] (8) The biological hard tissue inductive scaffold material in 
accordance with anyone of (l) to (5), wherein the implant is an implant for 
bone repairing having an embedding part and the layer which is winded 
and compressed around the embedding part to integrally fixed to the 
embedding part. 

[0050] (9) The biological hard tissue inductive scaffold material in 
accordance with anyone of (6) to (8), wherein the integral formation of 
embedding part with the layer is carried out by sintering in vacuum. 
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[0051] do) A method for preparation of the biological hard tissue inductive 
scaffold material comprising, forming a layer by entangling titanium or 
titanium group alloy fibers whose average diameter is smaller than 100/im 
and aspect ratio is 20 or more, winding up the layer to the artificial root of 
the tooth or an artificial joint, and sintering it in vacuum so as to fuse the 
crossing points or contacting points of the fibers each other or the fibers 
and the implant. 

[0052] (ll) A cell culture proliferation reactor in regenerative medical 
engineering comprising, using titanium fibers whose average diameter is 
100 /z m or less and aspect ratio is 20 or more, (short axis-long axis 
ratio=l-20 or more), or further treated with apatite forming liquid and 
coated with calcium phosphate compound containing hydroxy apatite or 
carbonate apatite. And said fibers are accumulated to form a layer so as to 
create a space for growing of biological hard tissue from the surface to 
inside, excelling in biological hard tissue inductivity and fixing abihty. 
[0053] (12) The cell culture proliferation reactor in regenerative medical 
engineering of (ll), wherein the layer of fibers is treated with solution 
containing a physiological active material or a physiological activation 
promoter which activates cells. 

[0054] (13) The cell culture proliferation reactor in regenerative medical 
engineering of (ll), wherein the physiological active material or a 
physiological activation promoter which activates cells is at least one 
selected from the group consisting of cell growth factor, cytokine, antibiotic, 
cell growth controlling factor, enzyme, protein, polysaccharides, 
phospholipids, lipoprotein or mucopolysaccharides. 

[0055] In the present invention, the wording of "fibers are accumulated to 
form a layer" means to accumulate woven cloths having network space to 
form a layer or to accumulate non-woven cloths prepared by entangling 
fibers to form a layer. And the pui-pose to create a space for growing of 
biological hard tissue from the surface to inside and to materially design 
excelling in biological hard tissue inductivity and fixing ability can be 
accomplished by the formation of non-woven cloth layer by entangling 
titanium fibers whose average diameter is 100 //m or less and aspect ratio 
is 20 or more at random, and space formed by said non woven cloth has an 
opening which permits the migrating of cells and the space sufficient for 
proliferation of the migrated cells. In the Examples mentioned below, said 
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fiber layer is referred using void fi'action and density, and biological hard 
tissue inductivity and fixing ability are effective in very broad range. The 
present invention can set up excellent space to biological hard tissue by 
restricting the thickness of fibers to 100 // m or less and excels in 
processability, therefore is advantageous compared to the case which uses 
thicker fibers. Additionally, the present invention has a significant meaning 
at the cell size level technique, besides the difference of apparent thickness. 

EXAMPLE 

[0056] The embodiments of the present invention are illustrated based on 
the Examples and drawings disclosed in following heterotopic bone forming 
experiments, homotopitic bone forming experiments, apatite coating 
experiments or cell proliferating experiments. These Examples are 
disclosing specific examples for the easy understanding of the present 
invention and not intending to limit the scope of the claims of the present 
invention. 

[0057] The scaffold material used in following experiments is the material 
prepared by the process mentioned below. That is, preparing a layer 
represented by non-woven doth formed by entangling titanium metal fibers 
or titanium group alloy fibers and whose average diameter is 100 /zm or 
less and aspect ratio is 20 or more at random, winding said layer around 
the outer periphery of a titanium implant material and sintering them in 
vacuum so as crossing points or contacting points of the fibers each other or 
the contact points of fibers and the implant to be fused and fixed, then 
carrying out a treatment of apatite coating. Relationship between a 
conventional titanium implant and a bone tissue grown around said 
implant and relationship between a titanium implant around which the 
scaffold of the present invention composed of titanium fibers layer 
(non woven cloth) and a bone tissue grown around said implant are shown 
respectively in Fig.l. 

[0058] (A) shows an titanium implant prepared by a conventional method 
and a bone tissue grown around said titanium implant and bone tissue 
grown around the implant can be observed (left side drawing), however, 
fi'om the enlarged drawing (right side drawing) it is understood that bone 
tissue is only bonded plane to the implant. On the contrary, (B) is the 
drawing showing the relationship between an implant to which scaffold of 
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the present invention is set up and bone tissue grown around said implant 
Cleft side di'awing), the bone tissue is induced into a fiber layer in which 
fibers are entangled three dimensionaHry, bonded with the three 
dimensional and complicated structure and continued to the outer bone 
tissue through this bonding layer. That is, compared with (A) by 
conventional implant, it is clearly understood that the rigid bone tissue 
structure based on the anchor effect by the comphcatedly entangled fibers 
and the space formed by said complicatedly entangled fibers, that is 
osteointegration is three dimentionaliry accomplished. 

[0059] Example 1 

Heterotopic bone forming experiment under the skin of rat 

[0060] I . Preparation of a specimen for experiment- following examples ® 

and (Dare prepared. 

(X) Preparing a non-woven doth of 85% void fraction and 0.9g/mL density 
composed of titanium metal fiber having 8>um-80>um diameter and 20 or 
more aspect ratio (product of Bekinit Co., Ltd.). This non-woven cloth is 
wounded firmly to a titanium rod by a voluntarily thickness, and a 
composite consisting of titanium non-woven cloth and a titanium rod of 
1.5mm diameter is prepared. Said composite is filled in a sintering sjrringe 
made of ceramics and sintered at 1000 *'C for 5 hours in high vacuum 
condition. Consequently, at many contacting points of fibers themselves 
and contacting points with titanium rod surface, fibers are fused. And thus 
the rigid composite which does not sink or does not cause the 
transformation of shape by adding forth on the surface is prepared. 
(1) A titanium metal rod having 1.5mm diameter. 
[0061] II. Method for implanting experiment- 

1. A composite corresponding to the scaffold material of above mentioned 
specimen ® of the present invention and a metal rod corresponding to the 
implant in conventional technique of above mentioned specimen © are 
respectively implanted with S-300BMP, which is bone forming protein 
extracted fe'om cow bone and purified, under the sldn of a rat and the bone 
forming experiments for 4 weeks are carried out. After 4 weeks the 
difference between said two specimens are observed by a microscope 
histologically and quantitative analysis of Ca stuck to metal rod is carried 
out. 
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[0062] III. Experimental residts: 

Results by microscopic observation are shown in Fig.2. In the case of a 
composite specimen (1) prepared by sintering a non-woven cloth made of 
metal titanium in vacuum, which is the scaffold material of the present 
invention, the state of formation of bone after 4 weeks is shown in Fig.2 (A). 
In Fig.2 (A), osteoblasts are infiltrated and induced into said non-woven 
cloth and the formation of vigorous bone structure which is complexly 
complicated is obseived. On the contrary, results by titanium metal rod 
alone, namely, to which non-woven cloth is not wound, is shown in Fig.2 (B). 
From Fig.2 (B), the formation of bone tissue characterizing that said two 
are becoming three dimensionalily one body is not observed and at the 
interface of rod (black part) and bone (white part) there is no bonding to 
connect these two, and the rod and bone are only existing independently 
holding said interface between. 

[0063] Further the results by Ca quantitative analysis are shown in Fig.3. 
That is, in the case specimen (D when titanium non-woven cloth is wound 
around the titanium rod having 1.5mm diameter, it becomes clear that 
2.3mg of Ca in average is stuck to one implant. While in the case of 
specimen (D which does not wound titanium non-woven cloth, the sticking 
amount is only 0. 13mg, and there is obvious difference between these two, 
and the difference is almost 18 times. 

[0064] Example 2 

Experiment to confirm the effect of hydroxyl apatite coating treatment to 
the formation of a heterotopic bone 
[0065] Experimental method- 
After titanium non-woven cloth is put on a titanium rod having 1.5mm 
diameter without sintering in vacuum following two composites are 
prepared. That is, apatite coated composite (3) prepared by a Uquid 
dipping method which is an apatite coating treatment disclosed in Example 
4 mentioned later, and non apatite coated composite @ are prepared. 
These composites are implanted under the skin of rat for 4 weeks and the 
difference of bone tissue formation between these two composites is 
compared. 

[0066] Experimental results- 
Results are shown in Fig.4. In the apatite coated composite @, vigorous 
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bone formation is observed at the titanium non- woven cloth part. Bone is 
clearly distinguished as the red colored areas or as thicker and fiised 
contour in gray or blackCFig.4 (A) X However, since the titanium non-woven 
cloth is not treated by sintering in vacuum at the surface of the titanium 
rod, these two are not united in one body and the growth of bone is not 
observed on the surface of rod, while bone is formed in the fiber space 
slightly apart from the surface of rod CFig.4 (A) ^ . 

[0067] On the contrary, in non apatite coated composite @ bone is not 
formed at all CFig.4 (B) ^ . That is, from this heterotopic bone forming 
experiment, it becomes clear that the apatite coating treatment is acting 
very important role in the formation of bone. Further, the experimental 
results of the specimen (D characterized that a titanium metal rod and 
titanium non-woven cloth is fused by sintering in vacuum of Example 1 and 
of the composite (D characterized that a titanium metal rod and titanium 
non -woven doth is not fused by sintering in vacuum of Example 2 clearly 
indicate that it is important that titanium non-woven doth is previously 
fused to a titanium metal rod to form one body by sintering in vacuum. 
That is, this sintering treatment in vacuum contributes not only to 
mechanical strength of the composite, but also to the improvement of the 
effect for bone formation, and acts very important role. 

[0068] All experiments described in Examples 1 and 2 are heterotopic bone 
forming experiment under the skin of rat, and the object of these 
experiments are to confirm and investigate the significance of equipping 
with titanium non-woven cloth by bone forming experiments at the tissue 
except bone, and summarized in Table 1. 



[0069] Table 1 

Summary of experiments described in Examples 1 and 2 



Composite 


indication by marks 


formation of bone 


Titanim rod (TR) alone 


TR 




TR and titanium 
non-woven cloth (TM) 


TR-hTM 


+ or some times - 


TR+TM and apatite 
Coating (HAP) 


TR-hTM-fHAP 


+ + + 


TR-l-TM+HAP and 
sintering in vacuum (SIN) 


TR-hTM-hHAP+SIN 


+ + + + 
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[00701 Example 3 

Orthotopic bone forming experiment in head bone of rabbit 
[0071] I . Experimental method 

Experiments are carried out according to the procedm'es 1, 2 and 3 
mentioned below. 

1. A rabbit of 2.5 kg weight is anesthetized by nenbutal intravenous 
anesthesia, and perioste of head bone is partially incised and a hole of 3mm 
diameter and 3mm thickness which passes through the calvarial bone is 
dug at the parietal area by a diamond round disk for dental use. 

2. A titanium rod equipped with titanium non-woven cloth (cut off to 
cylindrical shape of 3mm diameter and 3mm thickness) is inserted into the 
hole and perioste and dermis is closured. 

3. The rabbit is killed after 4 weeks and the bone at the parietal area is 
removed and embeded by resin, then a ground specimen of 20//m thickness 
is prepared. The specimen is dyed by hematoxyliii-eosin dying method. 
[0072] II. Experimental results: 

A tissue section specimen for microscope observation obtained in above 
item 3 is inspected by an optical microscope. Accordingly, following facts 
became clear as shown in Fig.5 (A) and (B) and in Fig.6 (A) and (B). 
( i ) In the case of a specimen which is prepared by equipping titanium 
non-woven doth by 1mm thickness around a titanium rod of 1.5mm 
diameter and by carrying out hydroxy apatite coating with a liquid method 
and implanted in rabbit for 4 weeks, it is clearly observed that bone 
reaches to the deep part of titanium non-woven cloth layer and cover the 
surface of a titanium rod CFig.5 (A) ^ . 

( ii ) In the composite prepared by eqxiipping titanium non-woven cloth by 
1mm thickness around a titanium rod of 1.5mm diameter and sintering in 
vacuum, and implanted without carrying out hydroxy apatite coating, it is 
clearly observed that bone formation does not grow sufficiently in titanium 
non-woven cloth part and is stopping at halfway CFig.5 (B) ^ . 
(iii) For the comparison, the experiment by a beads method, which is 
conventionally used, is carried out. That is, in the experiment implanting a 
titanium implant to which titanium beads are put on to a titanium rod (4 
weeks passed), bone can not giow into the inside of titanium beads and 
remains at the outside CFig.6 (A) ^ . According to this result, the growth of 
bone into the inter bead spaces can not be expected at least in 4 weeks. 
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(iv) Further, for the comparison, a self -healing experiment is carried out. 
That is, a hole of 3mm diameter and 2.5mm depth is dug in a calvarial 
bone of a rabbit and left for natural healing CFig.6 (B) D . According to this 
drawing, it is obvious that the missing part of 3mm diameter and 2.5mm 
depth, which is indicated in majority part of upper right part of the 
drawing, is already fOled by spongy bone and regenerated naturally after 
four weeks. Bone grows from the inner periphery to the center part of the 
circle. From experimental results, it is confirmed that in the case of an 
apatite coated titanium rod equipped with titanium non-woven cloth, bone 
migrates into whole layer of non woven cloth and reaches to the surface of 
the rod, while, in the cases of other materials or treating methods, it is 
difficult to reach to the deep part. 

[0073] Example 4 

Example for apatite coating treatment 

[0074] Apatite treating liquid and a method for apatite coating- 
Referring to the concentration of mineral in blood plasma of human, the 
treating liquid is prepared. Salts are added into distilled water so as the 
concentration of the treating Hquid to become 5 times to blood plasma of 
human, then carbon dioxide gas is blown in through a ceramic filter, the 
salts are dissolved and pH of the liquid is adjusted to 6.01. The process is 
stopped at the point where all salts are dissolved and preserved in the 
atmosphere of carbon dioxide gas. This Uquid is stable at the temperature 
of 37 °C for 1-2 weeks and does not generate precipitation. A titanium 
product to be coated is dipped in this Hquid for 1 week, then observed by 
SEM. 

[0075] The composition of the prepared liquid is shown below. 



Sodium ion- 


710mM (millimoles per Hter) 


Potassium ion* 


25mM 


Magnesium ion^ 


7.5mM 


Calcium ion- 


12.5mM 


Chlorine ion: 


720mM 


Bicarbonate ion^ 


21mM 


Phosphate ion^ 


5mM 


Sulfate ion^ 


2.5mM 



Carbonate ion is the saturated concentration at weak acidity (pH 6.01) at 
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3TC by blowing in carbonate dioxide. 

[0076] The above mentioned liquid composition is one example and not 
intending to be limited to this example. Various liquids which generate 
apatite are reported in many documents, and anyone of these Uquids can be 
used in the present invention. 

As a specimen of the titanium metal fibers layer which is dipped, (a) 
sintered in vacuum type and (b) not sintered in vacuum type are used and 
compared. Results are shown in Fig.7 (SEM pictures) (A) and (B). 
Deposition of fine crystal of apatite can be observed on the surface of both 
specimens, and there is no difference between two types, namely, sintered 
in vacuum and not sintered in vacuum. For the reference of this apatite 
coated titanium metal fiber non woven cloth, the picture showing the state 
before coating is shown in Fig.8. Fig.8 (A) shows the titanium non-woven 
cloth before heat treatment and Fig.8 (B) shows the titanium non woven 
doth after heat treatment. 

[0077] Example 5 

Comparison experiments for ceU cultivation comparing a conventional ceU 
cultivation substrate with a bioreactor using fiber layer consisting of 
non-woven cloth made of titanium fibers whose average diameter is smaller 
than 100 /zm or less and aspect ratio is 20 or more regulated in the present 
invention; 

[0078] Experimental method: Necessary numbers of cultivation weUs ot 
16mm diameter are prepared, (l) titanium non woven cloth or (2) porous 
apatite block is laid at the bottom of weUs and (3) for blank test, a weU with 
plastic board to which no sheet is laid. Same numbers of osteoblast 
MC3T3E1, which is estabhshed in worldwide, are sown in each well. The 
numbers of proMferated cells after 1 week and 3 weeks are measured by 
DNA measurement and compared. 

[0079] Experimental results: Results are summarized in Fig.9. After 1 week 
the ceUs number increased to 1.4 times to that of plastic board and after 3 
weeks increase to 1.3 times. On the contrary, a porous apatite block which 
is used as the conventional cell cultivation substrate has inferior cell 
cultivation ability than the plastic board. From said results, it can be said 
that the titanium non woven doth of the present invention is a very 
suitable substrate material for the mass cultivation of osteoblasts. 



20 



[0080] In above mentioned Examples, a scaffold material which indicates 
high affinity to osteoblasts is mainly disclosed, however, the present 
invention is also disclosing and providing a scaffold material which can be 
applied to cells besides bone cells and to hving tissues, further a reactor 
material for cell cultivation and proliferation concerning all cells in 
regenerative medical engineering. This is clearly understood fi'om these 
experiments and community of cells, and aforementioned 10^^ to 12^*^ 
subjects, namely from item (10) to item (12) are carried out concerning 
those points. 

[0081] Abioreactor has a very important position as a basic reaction device 
in Life science in the circumstances where the development of artificial 
tissues and various organs are becoming to be reahzed and utilized. 
Considering these circumstances, the significance of the present iavention 
is very big. The development of various regenerative medical engineering 
utilizing proliferation technique for stem cell, which is a current topic, and 
accompanying development of various tissues and organs which do not 
have after-effect contributes to the growth of medical science and welfare of 
human beings, and the present invention is taking part in said 
development and is greatly expected. That is, the object of the present 
invention is not Hmited to a biological hard tissue inductive or replacing 
scaffold material. 

[0082] While, besides the aforementioned prior arts, techniques to fabricate 
a fiber layer using fibers or to form non- woven cloth of fibers and to induce 
Hving tissues into fiber gaps are proposed as an artificial blood vessel made 
fi'om cloth and are presented in various papers, further pubhshed in many 
patent dovuments. 

[0083] However, contents disclosed in these documents is not aiming at 
affinity of cells such as osteoblasts to materials, but aiming to reinforce the 
strength of blood vessel using fiber material and aiming natural filling of 
bonding tissue not to cause the leak of liquid from the inside of blood vessel. 
On the contrary, the present invention is requiring positive affinity with 
cells such as osteoblasts, therefore, titanium metal material is selected, 
especially, the specific fiber having very fine diameter of 100 //m or less is 
selected. 

[0084] Regarding the trial to induce osteoblasts using metal fiber including 



21 



titanium fiber, only there is a disclosure in Japanese Application 
PubUcation 8- 140996 introduced in DESCRIPTION OF THE PRIOR ART. 
However, fine fiber disclosed in the document is a single filament whose 
diameter is fe-om 0.1mm to 0.7mm diameter and is winded around a core. 
While, actually in the present invention, the titanium fiber is restricted to 
have lOO/zm or less average diameter and to have lower limit of aspect 
ratio to 20 or more, and said fiber is used by entangling at random, 
therefore, space formed among these fibers is quite different fi'om that of 
simple two dimensional space formed by conventional implanting method. 
That is, in the present invention, since cells are induced into the space 
formed by fibers and indicates high affinity, accordingly, proliferation speed 
is higher than that of the conventional method (3 to 6 months), and the 
formation of one body tissue can be observed after 4 weeks. Regarding this 
remarkably excellent action and effect of the present invention, however, in 
the said patent document, the reason why to provide metal filament is to 
expect buffering effect. There is no description teaching of various actions 
and effects such as generation of high affinity which is the unexpected 
effect of the present invention. 

[0085] The technique to implant an artificial material into bone tissue and 
to fix it stable is very important to maintain mechanical function to the 
artificial organs, and without this technique, an artificial bone head (joint) 
or an artificial root of the tooth is unstable and releases soon. For the 
purpose to fix it stable, it is necessary that the interface between an 
implanted artificial material and bone is adhered without leaving gap and 
without intei'posing a tissue except bone or other subject, and required that 
the implanted subject and the bone to be chemically bonded strongly and 
not to be removed easily. Said connecting status between an implanted 
artificial material and bone is conventionally called as "osteoconduction" or 
"osteointegi-ation", and the technique to obtain this status as soon as 
possible after implanting artificial subject in bone is strongly required by 
many clinicians, researchers and patients. However, as recited in clause of 
DESCRIPTION OF THE PRIOR ART of the present invention, from 3 
months in earlier case and 6 months in later case are needed to accomplish 
stable osteointegration, and it is necessary to keep rest during this period, 
further during this period it is difficult to recover the function and is 
impossible to progress to the next medical treatment. 



22 



[0086] Scaffold, namely an implant of the present invention is to increase 
surface area and is to attempt to make bone and an artificial subject one 
body by prompting the migration of bone into inside and the formation of a 
hybrid layer consisting of bone and the implant as shown in Fig. 1(b). That 
is, as shown and illustrated in Fig.l (a), the present invention is quite 
different from the conventional two dimensional concept which adhere the 
surface of bone and the surface of an artificial implant. Three dimensional 
complicated space is formed by three dimensionally random entangled 
fibers and very rigid hybrid layer is formed in very short term of one month 
or less. Further, in said hybrid layer, since bone carries out metabolism in 
hving state, it is stable from physiological view point, is durable to the 
outer force and combining natural reparation ability and can maintain the 
function of artificial viscera stable and semi-permanentally. 
[0087] Specifically, although the essential point of the present invention is 
already mentioned in SUMMARY OF THE INVENTION and in Examples, 
the essential point of the present invention will be summarized and 
illustrated again. Said titanium layer is prepared by winding titanium 
whose average diameter is lOO/zm or less around a bar or a rod (as the 
tj^ical cross sectional view of the bar or the rod, circular or oval shape can 
be mentioned, however, any shape including square or rectangular shape is 
possible and can be selected properly according to a diseased part and is 
not restricted) made of the same kind of titanium metal or titanium group 
alloy to said titanium fibers by proper thickness and sintered in vacuum so 
as the contacting points of fibers each other and contacting points of the 
fiber with the implant to be fused and to be fixed without the fibers to be 
moved. By said process, the bar or the rod becomes one body with the fiber 
layer and a rigid product is formed. As mentioned in Examples, said rigid 
product provides a scaffold material or a bio reactor which is effective not 
only to an osteoblast but also to other cells. That is, by the present 
invention, besides the growth of osteoblast to have complex 
three-dimensional structure, the proliferation of cells themselves is 
accelerated and the excellent action and effect that the osteointegration 
tissue can be accomplished in short term. 

[0088] In the present invention, since a medical material made of metal 
which needs afiGnity with bone, especially, fusing by sintering in vacuum is 
recited as one of main embodiment, the present invention is disclosed as a 
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medical material composed of the same kind of titanium metal, however, 
the present invention can be used as the other medical materials and not 
intending to ehminate them. 

[0089] For example, when the medical material of the present invention is 
used with a hydrophilic material having bio-degradable property, it is 
expected to form a host tissue by replacing a host tissue with said medical 
material after implanted in an organism, and is suited to form a hybrid 
type tissue composed of hydrophilic resin and cells. 

[0090] Since the present invention is possible to involve various cell 
growing factors to a hydrophobic material, it is possible to display its virtue 
for the induction of cells, which is impossible for a normal hydrophiUc resin. 
Therefore, it is possible to form a specific functional tissue in an organism 
by collecting many artificially intended cells. 

[0091] Since the present invention is possible to involve various cell growth 
preventing factors to a hydrophilic material, it is possible to form an 
environment where cells can not stuck in an organism. By applying this 
specific property, the tissue which can not be covered by cells for a long 
time can be formed in an organism, and can provide a space to carry out 
the sensing of various sensors in an organism. That is, quite different 
embodiments of use can be provided. 

INDUSTRIAL APPLICABILITY 

[0092] 1. The present invention is selecting very fine titanium fiber having 
a specific aspect ratio as a biological hard tissue inductive scafibld material 
used with various implants, forming random entangled fibers layer and 
inducing bone tissue into the inside of said titanium fibers layer, 
consequently makes it possible to form hybrid state possessing remarkably 
higher affinity of titanium with bone tissue compared with the 
conventional method applying a beads method or others. Namely, the 
present invention is to provide a medical material possessing very high 
affinity with bone tissue and the significance of the present invention is 
very large. 

[0093] 2. Further, by carrying out subsidiary means such as sintering 
treatment in vacuum for shape maintenance, conducting the apatite 
coating treatment to accelerate the induction of osteoblasts or loading 
various bioactive substance, the remarkable action and effect that the 
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induction of bone tissue characterized that bone tissue and implant are 
becoming one body and not leave imcompatibility can be provided with 
good reappearance. Thus, the present invention is expected to effect 
broadly to the field of orthopaedic surgery or to the field of odontology, and 
the significance of it is very large. 

[0094] 3. The scaffold material of the present invention is not only superior 
to the conventional implanting method which is only a simple two 
dimensional growth and combination from the view point that the scaffold 
material of the present invention can progress the growth and development 
of cells three dimensionally, but also is proved that the growing and 
proliferating speed is superior to the conventional implanting method, 
therefore, can be evaluated greatly fi'om this point. As repeatedly recited 
above, from the view point that the formation of osteointegration tissue is 
accomplished within one month, which is an unexpectedly short term from 
the conventional technique, by the present invention, that is, the present 
invention brings excellent effect and gospel both to a medical doctor and a 
patient at the actual medical spot and the significance of the present 
invention is very large. 

[0095] 4. Further, since the present invention provides a material having 
high affinity not only to an osteoblast but also to various cells in an 
organism, the present invention can be said to provide not only a medical 
material but also a subject which acts as a reactor for cviltivation and 
proliferation of cells in regenerative medical engineering, and the present 
invention is expected to contribute to the development of new medical 
industry. 
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